Giant magnetoresistance (GMR) caused by spin-dependent scattering in metallic multilayers (1-5), heterogeneous alloy films (6, 7), and spinodally decomposed alloys (8) has attracted considerable attention in recent years for fundamental physics as well as device applications such as magnetic recording heads (9). The GMR effect is characterized not only by its large magnetoresistance (MR) ratio, typically -5 to -50% as compared to -+3% for the 80% Ni-20% Fe type permalloy, but also by its negative value and isotropic (independent of field orientation) nature ( Giant magnetoresistance (GMR) caused by spin-dependent scattering in metallic multilayers (1-5), heterogeneous alloy films (6, 7), and spinodally decomposed alloys (8) has attracted considerable attention in recent years for fundamental physics as well as device applications such as magnetic recording heads (9). The GMR effect is characterized not only by its large magnetoresistance (MR) ratio, typically -5 to -50% as compared to -+3% for the 80% Ni-20% Fe type permalloy, but also by its negative value and isotropic (independent of field orientation) nature (7). The MR ratio is defined here as AR/RH = (RH -RO)/RH, where R0 is the resistance at a magnetic field of H = 0 and RH is R at H = 6 T.
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The largest reported value of AR/RH for metallic materials was --150% for Fe-Cr multilayer films measured at 4.2 K (4). More recently, a large MR effect was also reported for naturally layer-structured materials, such as the intermetallic compound Sm-Mn-Ge ( to the current direction, which showed the MR to have no obvious dependence on field orientation (that is, it is nearly isotropic) if the demagnetizing factor is taken into consideration. We obtained M-H loops with a vibrating sample magnetometer in a field of up to 1 T.
The chemical composition of the deposited films, as determined by scanning electron microscope microanalysis and Rutherford backscattering, was found to be essentially identical to that of the bulk target material used for the laser ablation deposition. The results of x-ray diffraction, rocking angle analysis, and transmission electron microscopy indicate that the films have a cubic crystal structure (lattice parameter a = 3.89 A) and grow epitaxially on the (100) LaA103 substrate (a -3.79 A).
The temperature dependence of the MR ratio for the as-deposited sample (substrate temperature, -640°C) shows a high peak MR ratio of -460% near 100 K (Fig. 1) . Subsequent annealing heat treatment moved the peak in the as-deposited film to a higher temperature with a narrower distribution. Processing at 700°C for 30 min in an 02 
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After 30 min of heat treatment at 700°C in an 02 atmosphere, the electrical resistivity p of the film at 190 K rapidly decreased with the increasing field at the lower fields and then gradually decreased at a reduced rate at the higher fields. The AR/RH (or Ap/pH) value at H = 6 T is high, --1400% (this is equivalent to -93.3% in terms of AR/Ro, as is sometimes used). As the p versus H curve is still not saturated at H = 6 T, higher MR ratios are expected at higher fields. For practical applications, the low field MR behavior is of more interest. The initially rapid decrease in resistivity with field is thus a desirable feature. At low fields, the AR/RH value in this unoptimized film is still significant, for example, -17% at H = 1000 Oe, -9% at H = 500 Oe, and -5% at H = 100 Oe, substantially higher (albeit at below room temperature) than a few percent in the 80% Ni-20% Fe permalloy films. It is desirable to improve the characteristics of the material so that as high a MR ratio at room temperature can be achieved at as low a field as possible.
There is a cusp in the temperature-dependence curve of resistivity p (at H = 0) (Fig.  2) , with the La-Ca-Mn-O film showing a semiconducting and metallic behavior, respectively, above and below the cusp temperature. The peak MR ratio typically occurs at a temperature of -190 K (Fig. 2) , which is lower than the temperature of the resistivity peak. This corresponds to the temperature range where the film is metallic in nature. The MR peak is almost always located on the left side of the resistivity peak and at a temperature where the resistivity is about one-half to two-thirds of its peak value.
The M-T curve (Fig. 2) shows a noticeable magnetization near room temperature (the magnetization of the films was measured at H = 1 T with the substrate contribution at each temperature subtracted from the total magnetization). As the temperature was lowered, the magnetization began to increase, eventually reaching a near saturation value at -100 K. The peak in AR/R (Fig. 2) occurred at a temperature where the magnetization was substantial (M -150 electromagnetic units per cubic centimeter), not where the magnetization went to zero. Because the spin-disorder scattering is usually maximum near the magnetic transition temperature (M = 0), the AR/R peak in the present film does not appear to be attributable to this scattering but rather to the change from semiconducting to metallic behavior.
Annealing heat treatment of the films in an 02 atmosphere at a higher temperature not only raises the temperature of peak MR (Fig. 1) An optimization of compound chemistry, thin-film deposition parameters, and heat treatment will most likely result in further improved MR properties in the La-CaMn-O films. When the target disk used for laser ablation was prepared into a denser material by sintering at a higher temperature of 1300°C (instead of 1000° to 1100°C, as was used for the deposition of the samples of Figs. 1 and 2 ), higher quality films with less flaws (such as particulates and pores) and better epitaxy were obtained with much improved MR properties. We analyzed a La-Ca-Mn-O film near its peak MR temperature, -77 K (liquid nitrogen temperature), with a sample that was heat-treated at 900°C for 0.5 hour in 3 atmospheres of 02 (Fig. 3) . A very large MR ratio of 127,000% (more than a thousandfold change in resistivity) was obtained as the resistivity dropped from 11.6 ohm'cm at H = 0 to 9.1 mohm'cm at H = 6 T. The major part of the resistivity drop occurred below -2 T (Fig. 3) . The fact that the electrical resistivity of the material can be manipulated to change by applied field to a value orders of magnitude different could be exploited for a variety of technical applications.
The temperature-dependent behavior of p, AR/R, and M in this film was qualitatively similar to that shown in Fig. 2 
